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E bstein's anomaly is a malformation of the tricuspid 
valve and right ventricle that is characterized by a 
spectrum of several features which include: 1) adher- 
ence of the tricuspid leaflets to the underlying myocar- 
dium (failure of delamination); 2) downward (apical) 
displacement of the functional annulus (septal > pos- 
terior > anterior); 3) dilation of the "atrialized" por- 
tion of the right ventricle with variable degrees of 
hypertrophy and thinning of the wall; 4) redundancy, 
fenestrations, and tethering of the anterior leaflet; and 
5) dilation of the right atrioventricular junction (true 
tricuspid annulus). 1 
With increasing degrees of anatomic severity of mal- 
formation, the fibrous transformation of leaflets from 
their muscular precursors remains incomplete, with the 
septal eaflet being the most severely involved and the 
anterior leaflet being the least severely involved. This 
results in a downward isplacement of the hinge point 
of the posterior and septal leaflets in a spiral fashion 
below the true annulus. The tricuspid leaflets are usu- 
ally bizarre and dysplastic, and are tethered by short 
chordae and papillary muscles or attached to the un- 
derlying myocardium directly by muscular bands. 
Chordae may be few to absent, and leaflet fenestrations 
are common. The spectrum of severity is variable, and 
no two hearts with the malformation are exactly alike. 
In the most severe cases, the septal eaflet is only a ridge 
of fibrous tissue that originates below the membranous 
septum and is directed toward the apex. There are 
varying degrees of delamination of all three leaflets. 
While the anterior leaflet is the most likely to have some 
degree of delamination, it may also be severely de- 
formed so that the only mobile leaflet issue is displaced 
into the right ventricular outflow tract. The malformed 
tricuspid valve is usually incompetent, but it may oc- 
casionally be stenotic or, rarely, imperforate. 
In less severe cases, the anterior leaflet may form a 
large sail-like intracavitary curtain; this structure 
forms the basis of tricuspid valve repairs. A little- 
mentioned characteristic of the anterior leaflet that is 
critical to most tricuspid valve repairs is the presence 
of a free leading edge. The leading edge of the anterior 
leaflet can be free and mobile (no attachments o un- 
derlying endocardium), have hyphenated attachments 
(focal, segmental direct attachments o the underlying 
endocardium), or linear direct attachment (entire lead- 
ing edge is attached to the endocardium). 2 In each case, 
there can be partial or complete delamination of the 
remaining portion of the leaflet. In the absence of a free 
leading edge, suboptimal repairs have been achieved. 
The atrialized ventricle is characteristically thinned 
and dilated, but careful observation shows that the 
entire wall of the right ventricle, both proximal and 
distal to the abnormal insertion of the tricuspid leaflets, 
including the infundibulum, is also dilated. Dilation of 
the right ventricular wall is associated not only with 
thinning of the wall, but also with an absolute decrease 
in the number of myocardial fibers. 3 The atrioventric- 
ular node is located at the apex of the triangle of Koch, 
and the conduction system is in its normal position. 
Atrial septal defect and other associated anomalies are 
common. 
A biventricular repair is usually possible. Adjunctive 
use of atrial fenestration or a bidirectional cavopulmo- 
mary shunt is controversial; neither is used routinely in 
our practice. We occasionally use bidirectional cavo- 
pulmonary shunt selectively when the right ventricle is 
severely dilated and functioning poorly. Since concom- 
itant left ventricular dysfunction may be present when 
the right ventricle fails, it is important o document by 
direct pressure measurements that the pulmonary ar- 
terial and left atrial pressures are low; otherwise, the 
bidirectional cavopulmonary shunt will not be feasible. 
In some circumstances when significant left ventricular 
dysfunction has occurred, cardiac transplantation may 
be the best option. 
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SURGICAL TECHNIQUE 
l The series of illustrations are depicted t'rom the surgeon's 
viewpoint hrough an oblique right atriotomy (right atrial ap- 
pendage toward inferior vena cava). Standard cardiopulmo- 
nary bypass techniques with aortic and bicaval cannulation are 
utilized. Aortic occlusion with cold blood cardioplegic arrest is 
used for tricuspid valve repair. The valve is inspected, with 
special attention paid to the degree of delamination of the 
anterior leaflet (AL) and to the characteristics of the leading 
edge of the anterior leaflet. In this example, two papillary 
muscles arise from the free wall of the right ventricle with short 
chordal attachments o the leading edge of the anterior leaflet. 
The septal eaflet (SL) is diminutive and only a ridge of tissue. 
A small vein crossing the tricuspid annulus adjacent o the 
membranous septum typically marks the atrioveutricular node. 
The posterior leaflet (PL) is not well formed and is adherent to 
the underlying endocardium. A small patent foramen ovale 
(PFO) is present. The coronary sinus (CS) and inferior vena 
cava (IVC) are also shown. 
2 The base of each papillary muscle is moved toward the 
ventricular septum at the appropriate level with horizontal 
mattress utures backed with felt pledgers. 
3 After the horizontal mattress utures have been tied 
securely, the PFO is closed by direct suture. 
4 The posterior angle of the tricuspid orifice is closed by 
bringing the right side of the anterior leaflet down to the 
septum and plicating the nonfunctional posterior leaflet in 
the process. 
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A posterior annuloplasty is performed to narrow the 
diameter of the tricuspid annulus. The coronary sinus marks 
the posterior and leftward extent of the annuloplasty. 
7 The completed repair allows the anterior leaflet to 
function as a monocuspid valve. The tricuspid valve is tested 
by instillation of saline into the right ventricle with tempo- 
rary pulmonary artery occlusion. Redundant right atrium is 
excised prior to closing the atriotomy. 
6 An anterior pursestring annuloplasty is performed to 
narrow the tricuspid annulus further. This annuloplasty 
stitch is tied down over a 25-ram valve sizer in an adult to 
prevent ricuspid stenosis. 
REPAIR OF EBSTEIN'S ANOMALY 191 
AV NODE 
MEMBRAIk 
SEPTUM 
]ORONARY SINUS 
8 Diagram of technique for tricuspid valve replacement in Ebstein's anon, aly. Aortic occlusion with cold blood 
cardioplegic arrest is used for atrial septal defect closure, inspection of tricuspid valve anatomy, and for suture placement in
the area of the conduction tissue and membranous septum. The remaining valve sutures can be placed with the heart perfused 
and beating. A, The valve suture line is placed on the atrial side of the membranous septum and atrioventricnlar node to avoid 
injury to the conduction system. The suture line is also deviated cephalad to the tricuspid annulus posterolaterally when the 
tissues are thin, to avoid injury to the right coronary artery. When there is sufficient distance between the coronary sinus and 
the AV node, the coronary sinus may be left on the atrial side of the suture line. If a stented bioprosthesis is selected, the valve 
is positioned so that a strut does not lie on top of the conduction tissue. B, The sutures are tied with the heart perfused and 
beating to ensure that a conducted rhythm is preserved. Redundant right atrimn is excised prior to closing the atriotomy, AV, 
atrioventrienlar. 
COMMENTS 
No two hearts with Ebstein's anomaly have exactly the 
same anatomy. While the basic principles of our repair 
remain the same, we frequently incorporate modifica- 
tions in the repair, as numerous anatomical variants of 
the anomaly have been encountered and our experience 
has grown. The posterior pursestring annuloplasty may 
be modified by bringing the tricuspid annulus directly 
to the ventricular septum where it is anchored with a 
pledgeted suture. The remainder of the posterior tri- 
cuspid annulus is then obliterated with running su- 
tures. The ventricular plication technique results in 
maximal reduction of right ventricular size. Other, 
more limited, internal apex-to-base (transverse) or 
side-to-side (longitudinal) plications may be employed 
to elevate the papillary muscles, obliterate noncontrac- 
tile portions of the atrialized right ventricle, or reduce 
annular size. Repairs may be done with or without 
internal plication of the atrialized right ventricle. If
internal plication is not performed and thin areas of 
atrialized right ventricle are present between the cor- 
onary artery branches, especially posterolaterally, ex- 
ternal plication may be added at the completion of the 
intraventricular repair. External plication has the ad- 
vantage of preserving coronary arterial supply to all 
contracting portions of the right ventricle. 
Whether plication (or actual excision) of the atrial- 
ized right ventricle is necessary or desirable is still 
controversial. Potential advantages include: 1) reduc- 
tion in the size of the nonfunctional portion of the right 
ventricle which speeds transit of blood flow through the 
right heart; 2) reduction of compression of the left 
ventricle (pancake ffect), thus improving left ventric- 
ular function; 3) elevating the papillary muscles, which 
facilitates closure of the anterior leaflet against the 
septum in systole; and  4) providing more space for the 
lungs (especially important in infants). All internal 
forms of right ventricular plication by necessity inter- 
rupt some coronary arterial supply to right ventricular 
musculature, and many have the potential risk of kink- 
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ing the right coronary artery, problems that may gen- 
erate ventricular arrhythmias and compromise ventric- 
ular function. The decisions regarding whether or not 
to plicate the atrialized right ventricle and how much to 
plicate are based on the anatomy encountered and the 
surgeon's personal philosophy. 
In general, we believe repair is preferable to valve 
replacement whenever epair is feasible. However, if 
there is failure of delamination ofmore than 50% of the 
anterior leaflet or if the leading edge of the anterior 
leaflet has hyphenated or linear attachment to the right 
ventricle, a durable repair may not be obtainable with 
valvuloplasty techniques; valve replacement is then 
preferred. Valve replacement is performed when there 
is inadequate delaminated leaflet tissue for valve re- 
pair. Valve replacement must be performed in a man- 
ner that protects the conduction tissue and the right 
coronary artery. 
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